Objective: To explore the potential clinical application of the oncolytic activity of cyclooxygenase 2 (COX-2) promoter-based, conditional, replication-selective adenovirus vector for hypopharyngeal squamous cell carcinoma.
A

DENOVIRUSES HAVE BEEN
widely used as convenient and safe vectors for transferring therapeutic genes into target cancer cells. Basically, genes such as E1a and E1b, which are essential for the replication of the adenoviruses, are artificially removed from the adenoviral vectors to eliminate proliferation of the vectors. Thus these vectors, restriction-defective adenoviral vectors, pose no danger of uncontrolled proliferation. However, they have limited efficacy of treatment because of the limited number of tumor cells to which the therapeutic gene can be delivered.
To overcome this limitation, recent advances in molecular biology have made it possible to genetically reengineer viruses to target tumor cells selectively. These viruses are known as selectively replicative viruses and are designed for limited ability to replicate themselves only in the targeted tumor cells but not in normal tissues. 1 Tumor cell killing is achieved not by the genes delivered by the vectors but by the oncolysis induced by the replicated viruses because of their original characteristics as adenoviruses. 2 Amplified viral vectors also spread to the adjacent tumor cells and kill these cells in the same manner. 3 Cyclooxygenase 2 (COX-2), which is primarily responsible for prostaglandins produced at inflammatory sites, is virtually undetectable in most tissues under physiologic conditions but is upregulated in various cancers including head and neck cancers. 4, 5 To take advantage of this tumor-specific expression, we have recently generated the COX-2 promoterbased replication-selective adenoviral vector, Ad-COX2-E1a, and have demonstrated its antitumor effect against COX-2-expressing hypopharyngeal squamous cell carcinoma in an in vitro study. 3 To further explore the potential for clinical application of Ad-COX2-E1a for the treatment of head and neck cancer, the present study investigated COX-2 expression in hypopharyngeal cancers using immunohistochemical techniques. The oncolytic activity of Ad-COX2-E1a in vivo was also tested using nude mice bearing human hypopharyngeal cancer cells (H891).
METHODS
CELL AND CELL CULTURE
Human hypopharyngeal cancer cell line H891, which was established in the Yokohama City University School of Medicine, 6 was used in this study. Cell line H891 was maintained in complete RPMI 1640 Medium (Sigma, St Louis, Missouri) supplemented with 10% fetal bovine serum, penicillin, and streptomycin at 37°C in 5% carbon dioxide. Fresh medium was added to the cells twice a week.
CONSTRUCTION AND PRODUCTION OF REPLICATION-COMPETENT ADENOVIRAL VECTOR Ad-COX2-E1a
The details of the production of the COX-2-based replicationselective adenoviral vector were described in our previous report. 2 Briefly, the COX2-E1a promoter was ligated to the pXC1, which possesses the adenovirus sequences from base pairs 22 to 5790 containing the E1 gene (Microbix Biosystems Inc, Toronto, Ontario, Canada) 7 to obtain pXC1-COX2-E1a. The recombinant Ad-COX2-E1a virus was prepared by means of homologous recombination 8 using pXC1-COX2-E1a mixed with pBHGE3 plasmid containing Ad5 sequences with a wild-type E3 region and E1 deletion of base pairs 188 to 1339.
9
TREATMENT AND MEASUREMENTS
The H891 cells (1ϫ10 6 ) were suspended in 100 µL of phosphatebuffered saline (PBS) and subcutaneously injected into the backs of male nude mice (5 weeks old and weighing 20-23 g) with a BALB/c (nu/nu) genetic background (CLEA Japan Inc, Tokyo, Japan). When tumors with a 5-to 6-mm diameter had developed, 18 nude mice were randomly separated into 3 groups. Group 1 was given PBS only (n = 6); group 2 was given Ad-CMV-␤gal, an adenovirus containing the ␤-galactosidase reporter gene controlled by the cytomegalovirus (CMV) promoter, as control (n = 6); and group 3 was given Ad-COX2-E1a (n=6).
Each mouse was injected subcutaneously with 1ϫ10 6 H891 cells. The Ad-CMV-␤gal and Ad-COX2-E1a (1ϫ10 6 plaqueforming units per 50 µL of PBS) were injected into the respective tumors on day 0. Tumor volume was measured every 2 or 3 days until day 14 using the following formula: tumor volume (mm 3 )=aϫb 2 ϫ0.5, where a is the longest diameter, b is the shortest diameter, and 0.5 is a constant to calculate the volume of an ellipsoid.
PATIENTS
We analyzed 93 initial biopsy specimens taken from previously untreated patients with primary hypopharyngeal squamous cell carcinoma treated at the Department of Otolaryngology-Head and Neck Surgery, Kobe University Hospital between 1995 and 2004. All patients underwent radical surgery consisting of partial or total pharyngectomy combined with laryngectomy and neck dissections.
Tumors were classified by TNM staging, and classification was performed according to the recommendations of the International Union Against Cancer. 10 Tumors were graded as well, moderately, or poorly differentiated by a professional pathologist using the World Health Organization classification of tumors. 11 Clinical data were obtained from the patients' medical records.
COX-2 IMMUNOHISTOCHEMICAL STAINING
Tumor tissues obtained at biopsy were fixed in formalin and paraffin embedded according to standard procedures. Tissue sections with a thickness of 4 µm were deparaffinized in xylene, rehydrated, treated with 3% hydrogen peroxide in methanol for 5 minutes to block endogenous peroxidase activity, and treated with Proteinase K (DakoCytomation, Carpenteria, California) for 10 minutes for proteolytic digestion to improve the accessibility of antibodies.
Sections were incubated with COX-2 Polyclonal Antibody (Cayman Chemical Co, Ann Arbor, Michigan) for 30 minutes, then with antirabbit IgG for 30 minutes, and finally treated with Vectastain Elite ABC peroxidase kit (Vector Laboratories Inc, Burlingame, California) and visualized with diamino benzidine.
EVALUATION OF COX-2 IMMUNOSTAINING
Biopsy specimens immunostained for COX-2 were evaluated under a transmission light microscope by 3 of us (T.N., H.T, and Y.H.) who were unaware of the patients' background and of the other investigators' findings. In cases of occasional scoring discrepancies, consensus was always achieved after discussion of the findings. The staining pattern was cytoplasmic and granular. The staining intensity was scored as 0 (negative), 1 (weak), 2 (medium), and 3 (strong) (Figure 1) . Specimens in which the positive-staining area was less than 10% of all tumor cells were scored as 0. For statistical evaluation, tumors with a final staining score of 1 to 3 were considered to be positive.
STATISTICAL ANALYSIS
Growth inhibition was statistically analyzed using the t test. The relation between COX-2 expression and clinicopathologic features was assessed with the 2 test. The Kaplan-Meier method was used to estimate survival, and differences were analyzed with the log-rank test. Correlation between the intensity of COX-2 expression and tumor differentiation was analyzed with the Spearman rank correlation coefficient test. PϽ.05 was considered statistically significant. StatView, version 5.0 (SAS Institute, Cary, North Carolina), was used for all statistical analyses.
RESULTS
ANIMAL STUDY
As shown in Figure 2 , the growth of tumors treated with Ad-COX2-E1a was significantly inhibited compared with that of tumors treated with Ad-CMV-␤gal. It is noteworthy that the difference gradually increased with time, from day 4 to day 14 (P=.05 at day 4; P=.06 at day 6; P=.01 at day 8; P = .006 at day 11; and P = .006 at day 14) (Figure 3) . These findings suggest that the growth inhibitory effect of Ad-COX-2-E1a continues and increases as a result of viral replication.
RELATION BETWEEN COX-2 EXPRESSION AND CLINICOPATHOLOGIC FEATURES
Cyclooxygenase 2 was observed mainly in the tumor area and occasionally in areas of mild to severe dysplasia. Normal epithelium adjacent to the COX-2-positive tumors was not stained. Cyclooxygenase 2 expression was positive in 75.3% and negative in 24.7% of hypopharyngeal cancers, and statistical analysis showed a significant difference between the intensity of COX-2 expression and tumor differentiation (P = .001; r = 0.433) ( Table 1) .
The associations between clinicopathological features and COX-2 expression are listed in Table 2 . No significant association was observed between COX-2 expression and age, sex, stage, pathologic T stage, or pathologic N stage. Figure 4 shows survival curves of the patients with hypopharyngeal cancer in relation to COX-2 expression. The 5-year survival rates of patients with and without COX-2 expression were 54% and 43%, respectively (P =.21).
COMMENT
Cyclooxygenase 2, which is primarily responsible for prostaglandins produced at inflammatory sites, is virtually undetectable in most tissues under physiologic conditions. In contrast, recent studies have demonstrated that COX-2 is expressed in several cancer tissues, including head and neck cancers, and may be important for carcinogenesis. 5, 9, 10, 12, 13 Taking advantage of this tumorspecific expression of COX-2, our research group has recently generated the COX-2 promoter-based replicationselective adenoviral vector Ad-COX-2-E1a and have demonstrated its antitumor effect against COX-2- ) were subcutaneously injected into the backs of male nude mice. When tumors with a 5-to 6-mm diameter had developed (A), mice were given phosphate-buffered saline, Ad-CMV-␤gal, or Ad-COX2-E1a. Growth of tumors treated with Ad-CMV-␤gal (B) was significantly greater than that of those treated with Ad-COX2-E1a (C) 14 days after injection. The scale lines in panels A and C represent millimeters. expressing hypopharyngeal squamous cell carcinoma in an in vitro study. 3 Herein, we show that Ad-COX-2-E1a also significantly inhibited the growth of COX-2-expressing tumors without serious adverse effects in an animal model. In addition, immunohistochemical analysis demonstrated that 75.3% of the hypopharyngeal cancers expressed COX-2, which suggests that about threefourths of patients with hypopharyngeal cancer are potential candidates for this treatment.
Tumor cell differentiation was significantly related to COX-2 expression, which was upregulated in welldifferentiated tumors, suggesting that its expression may be involved in the pathogenesis or growth of welldifferentiated tumor cells. Alternatively, COX-2 overexpression in these tumors may be a consequence of squamous differentiation in an abnormal setting. In this regard, it should be noted that COX-2 expression becomes weaker when hypopharyngeal cancer progresses to a more aggressive phenotype, thus becoming less differentiated. Indeed, while statistically not significant, the 5-year survival rate of patients without COX-2 expression was worse than that of the patients with COX-2 expression. Cyclooxygenase 2 expression may therefore indicate a relatively favorable condition, even though the prognosis of patients with COX-2-expressing hypopharyngeal cancer remains unsatisfactory.
In terms of therapeutic strategy, the effects of chemotherapy or radiotherapy are generally less favorable for well-differentiated tumors. 14, 15 On the other hand, Ad-COX2-E1a is more effective for COX-2-expressing tumors, as evident in this and our group's previous study. 3 Since more than half of the differentiated tumors in this study expressed COX-2, Ad-COX2-E1a may compensate for the chemoresistance and/or radioresistance of welldifferentiated cancers.
Adenoviral therapy in combination with chemotherapy has shown promising results in various preclinical models and clinical trials. 16 In particular, the treatment regimen of intratumoral dl1520 injection in combination with cisplatin and 5-fluorouracil for patients with recurrent head and neck cancer has already entered phase 2 trials and shown promising results. 17, 18 As reported by many investigators, direct intratumoral injection is more efficient than other delivery methods, eg, intravenous, intra-arterial, or intraperitoneal injection. [19] [20] [21] [22] [23] Since the head and neck areas are easy to approach, patients with head and neck cancer are thought to be some of the most suitable candidates for adenoviral therapy.
Recently, many studies have reported that selective COX-2 inhibitors are useful in prevention or treating various neoplasms, including head and neck cancer. [24] [25] [26] [27] The Although statistical analysis did not show a significant difference, the survival rate of patients with hypopharyngeal cancer expressing COX-2 was better than that of those whose cancer was without COX-2 expression. effects are related to suppression of cell proliferation and induction of apoptosis, and the expression of COX-2 itself is not suppressed by selective COX-2 inhibitors. 24 Because the effect of Ad-COX2-E1a depends on the expression of COX-2 itself, the combination therapy of Ad-COX2-E1a and selective COX-2-inhibitors may lead to the synergic effects in COX-2-expressing head and neck cancers.
Although viral introduction as part of adenoviral therapy is highly efficient, injury to normal organs must be avoided. In this connection, newer generations of adenoviral vector have recently been developed to further restrict viral replication to tumor cells. Further studies would make the implementation of chemoradiotherapy with selectively replicative viruses a reality. 
